Metallothionein (MT) is a low molecular weight (~7000 Da), cysteine rich (1/3 of the 61 amino acid composition), heatstable, metal binding protein. Under normal condition, cellular MT content is low. The protein level is increased when cells are exposed to metals such as Cd, Hg, Zn or Cu. Thus, the protein has been considered a biochemical marker for metal exposure. However, studies indicated that MT could also be induced by a number of physiological stimuli, chemicals and pathological stresses [1, 2] . Thus, in addition to metals, a number of factors, such as signalling molecules, were said to induce MT. To evaluate the relative importance of the different molecules in regulating MT induction, it is necessary to determine their induction potency. In a previous study, we explored the use of a clonal cell line in assessing the potency of nutritional elements in induce MT [3] . In the present study, regulation of MT induction was investigated by using chemicals that either block the transcriptional or translational process, or simulated the action of second messengers.
Materials and methods

Preparation of cells
The RH-35 cell is a clonal hepatoma cell line [4] . It possesses the MT gene that is inducible by Cd, Zn and Cu [5] . In a previous study [3] , the cell line was used to study MT induction by various nutrients. In the present study, the cells were maintained in the same ways as that described previously [3] . Cellular MT content was measured after a 2-day treatment with medium containing a) ZnCl 2 (0, 4, 8, 12 or 16 mg/L), b) CdCl 2 (0, 0.18, 0.36 or 0.9 mg/L), c) α-amanitin (0.02, 0.1 or 0.5 mg/L) with and without 0.9 mg/L CdCl 2 ; d) cycloheximide (0, 0.1, 0.5, 1, 5 and 10 mg/L) for 2 h before addition of 0.9 mg/L CdCl 2 , e) 100 µM dBcAMP both in the presence or absence of α-amanitin; and f) 2 mM CaCl 2 in the presence of ionomycin (0, 1.0 or 1.5 µM). In all cases, cell number, cell viability and total cellular protein content were measured [3] . Heat-stable protein for quantifying cellular MT content was prepared by heating the total cellular protein to 85 o C for 5 min as that described previously [3] .
Determination of MT
MT content was determined by a modified Cd-binding assay [6] . Briefly, an aliquot of different volume of the heat-stable protein was added to 10 mM Tris-HCl, pH 7.4 to make up to a volume of 200 µl. CdCl 2 was added to obtain a final concentration of 2 µg/ml. After mixing thoroughly, 100 µl of 2 % bovine hemoglobin solution (Type II, sigma Chemical Co., St. Louis, Mo. USA) was added. The solution was heated at 100°C for 2 min and cooled rapidly. This procedure was repeated again. The precipitated hemoglobin, to which free Cd bound, was removed by centrifugation. The MT bound Cd in the supernatant was measured by graphite furnace atomic absorption spectrometry (GFAAS) at a wavelength of 228.8 nm. To avoid contamination, all solutions were made with double-distilled water (Millipore). Plastic ware was used whenever possible. All glassware and plastic ware were soaked in 5 % nitric acid overnight and washed with double-distilled water prior to use. The procedure was able to reduce metal contamination adequately to give a good signal-to-noise ratio. Furthermore, the method was examined in our laboratory and showed that after the procedure, Cd was the only metal bound to the protein [7] . Calculation of tissue MT content was based on the equation described in [6] assuming that the molecular weight of MT is 7000 and each mole of MT binds to 7 moles of Cd. All studies were carried out in triplicates. Differences between values were evaluated by ANOVA followed by the Duncan's Multiple Range Test. Significant difference between groups was set at p < 0.05. Table I shows the cell number, cell viability and cellular protein content when cells were treated with different chemicals. Cell number, which indicates the condition of cell growth, were unchanged in most cases except when cells were treated with 0.5 mg/L α-amanitin and with cycloheximide above 1 mg/L. At these concentrations, cell death was also detected. Change was also observed in cellular protein content. Zn, at concentrations above 8 mg/L caused a significant increase in cellular protein content. Cd at 0.18 mg/L, also caused a significant increase in cellular protein content but protein content decreased when Cd reached 0.9 mg/L. CaCl 2 both in the presence or absence of ionomycin, α-amanitin and cycloheximide in the presence of Cd, caused significant decrease in cellular protein content. Figure 1 shows MT content after treatment with Zn and Cd. Both Zn and Cd caused a concentration-dependent increase in cellular MT content. MT content increased from the control values of 0.03 pg/cell to 0.8 and 0.6 pg/cell after treatment with 16 mg/L Zn and 0.9 mg/L Cd, respectively. Cellular MT content reported in this study was much lowered when compared to that reported previously [3] . It has been well established that although the values obtained by the polarographic method were slightly higher than those by the Cd-saturation assay, the MT content measured by the two methods were proportional to the amount of MT analyzed [8] . Studies in our laboratory also demonstrated that using the same sample, the MT content measured by the polarographic method was higher than that measured by the Cd-binding assay. However, there was a good correlation between the different concentrations of MT measured by the two methods (unpublished results). The results presented in figure 1 demonstrated that using the Cd-binding assay, Cd is shown to be a stronger MT inducer than Zn, and that it took 12 mg/L Zn in order to increase MT to a level as high as that with 0.36 mg/L Cd. Figure 2 shows the effect of α-amanitin on Cd induced MT induction. Alpha-amanitin alone was unable to cause change in cellular MT content but it could suppress Cd induced MT at concentrations of 0.1 mg/L. The result is consistent with the notion that the action of Cd is at the level of gene transcription. At 0.5 mg/L, the action of α-amanitin was not apparent. However, the result is difficult to interpret since it is confound by a significant decrease in cell number and increase in cell death. Figure 3 shows that cycloheximide at concentrations between 0.1 to 10 mg/L could also suppress the Cd-induced MT induction. The change was accompanied by a decrease in both cell number and cellular protein content with significant cell death seen only at 5 and 10 mg/L (Tab. I). In reference to the change in total cellular protein content, cellular MT level change from a control value of 6.5 µg MT/mg protein to 5.4, 2.2 and 0.9 µg MT/mg protein upon treatment with 0.1, 1 and 10 mg/L cycloheximide, respectively. Figure 4 shows that neither 100 µM dBcAMP nor 2 mM CaCl 2 in the medium was able to change cellular MT content significantly. In the presence of ionomycin (1 and 1.5 µM), Ca ++ was able to reduce cellular MT content significantly.
Results and discussion
MT induction in response to physiological stress might be mediated through the action of Ca ++ and cAMP. Data concerning in vitro studies on identifying the role of cAMP and The present system could be used to investigate the relative contribution of these molecules to MT induction. 
